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Abstract 
In this paper, According to theoretical analysis of detection method of voltage, a new method of non-contact 
detection method of voltage is designed under any severe environmental conditions, for example, in coal mines. 
Being different from traditional detection method of voltage, electric-field state is detected using Field Effect 
Transistor (FET) as sensor of electric-field based on the capacitance effect principle. And then charged state of 
conductor should be detected by electric-field state indirectly. Whether or not there is current on conductor, charged 
state of conductor could be detected by this method. Therefore, it has excellent characteristics, such as simple 
structure, low cost, high reliability and sensitivity. 
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1. Introduction
Recently, there are two main detection methods of voltage in our country: one is detection method of
direct contact; the other is detection method of non-contact. The first way that the voltage signal is 
obtained from the conductor by using detection equipment to contact directly with the conductor is direct 
and simple, but has very stronger danger. Using this way to detect charged state of conductor, the 
conductor insulation must be removed. Therefore, it is not suited to detect voltage signal in coal mines. 
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The second way that voltage signal is induced on detection devices by using the current transformer or 
voltage transformer as detection devices of non-contact voltage back-feed to close to conductor insulation  
based on electromagnetic induction, the Hall effect, photoelectric effect etc has strong anti-
electromagnetic capability and high-Sensitivity, but has complicated structure and high cost. Because the 
sensors detect voltage or current signal by detecting the state of magnetic-field, if there is no current , 
there is no magnetic-field, and then voltage signal could not is detected. When the charged state of 
conductor will be detected in coal mines, signal must be detected whether or not there is current.. 
Therefore, this sensor is not suited to detect voltage signal in coal mines. 
According to above-mentioned analytical result, a new method of non-contact detection method of 
voltage is designed that electrical-field state is detected using Field Effect Transistor (FET) as sensor of 
electric-field based on the capacitance effect principle, and then charged state of conductor should be 
detected by electric-field indirectly. This method can be used to detect the voltage signal before the 
equipment running or in front of the switch which is reasonable in structure, easy in operation, safe and 
reliable, and of great significance.
2. Basic idea and hardware design 
According to three-phase cable structure and the theory of uniform transmission wires, it is known that 
whether or not current, there is distribution charge on the surface of electric conductor and parasitic 
capacitance between any two charged insulated conductors [1]. Based on this theory, this paper proposes a 
new method. The signal is induced from the charge of conductor surface by sensors. Because there is less 
charge of conductor surface, the induced signal is week and needs to be enlarged, rectified and filtered to 
gain the perfect signal. Fig 1 shows the flow graph. 
 Signal Collection Signal Processing Signal Detection  
Fig. 1 the flow graph 
2.1 signal collection 
Field Effect Transistor (FET) made by semiconductor materials is a well sensitive device to electric-
field [2]. Because FET grid made by SiO2 mixes high concentration impurities (phosphorus, boric, etc), 
there are many carriers in the grid of FET and the grid is very sensitive to charge induction. Comparing 
structure principle of FET and MOS, this paper selects FET to detect the state of electric-field [3]. Its 
equivalent principle is shown in figure 2. 
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As is described in figure 2, conductor surface potential or charge is not directly measured by FET 
principle. The charge on the measuring probe is induced by the electric-field generated by distribution 
charge on conductor surface. The grid of FET is influenced by this charge and generates weak voltage. 
Because silicon and metal platinum have good conductivity and flexibility, silicon piece or platinum piece 
is used as measuring probe. The measuring probe is designed to the arc to make contact area between 
conductor and measuring probe as large as possible [4].
In figure 2, if there is voltage in conductor, distribution charge will be generated on conductor surface. 
Measuring probe closing to the insulation surface, charge will be induced on measuring probe, and then 
charge will be induced on grid of FET and voltage will be generate finally. When voltage gsU  is greater 
than turn-on voltage of FET grid ( ) and there is thU additional smaller voltage gsU , drain current will 
increase rapidly with increasing
di
gsU .Then the induced charge is amplified for the first time by FET. The 
circuit is shown in figure 3. 
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Fig. 3 bias circuit of partial pressure type 
Generally, . In this paper, K30A which is N-channel junction FET is used and classic bias 
circuit of partial pressure type is selected which can suppress the zero drift of FET and improve the 
stability of the quiescent set-point effectively [5].
710gsR > Ω
1R , 2R , 3R are selected according to the matching of 
input impedance and output impedance. Small resistors 1R , 2R as dividing resistors can obtain the 
appropriate grid voltage, and high input impedance can be got by 3R . In this paper, 1 80R K= Ω ,
2 20R K= Ω , 3 2R M= Ω . So, the magnification of voltage 
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It is approximately equal to the slope of the quiescent set-point Q. In figure 3,  
4−≈A& .                                                                                                                                        (3) 
2.2 Signal processing and detection 
In this design, Weak voltage signal is generated at the output of sensor by the charge of conductor 
surface based on capacitive principle. Because voltage signal is very weak, the signal needs to be re-
amplified, and then be detected, rectified and filtered. Finally, the back-feed state is indicated by light-
emitting diode (LED).  
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Fig. 4 Whole circuit of the back-feed state
As is shown in figure 4, the working process is as follows: 
The measuring probe closing to electric conductor, both ends of the detected capacitance C will 
generate weak signal of AC voltage. This signal is amplified by FET K30A for the first time which could 
be multiplied four times ( ), then re-amplified by Operational Amplifier. Classic 
instrumentation amplifier is selected in this design, and its magnification of voltage 
ab uu && 4−=
9 7
8 6
2(1 )c
R Ru
R R
= − + bu .                                                                                                                   (4) 
When 7R , 8R 9R  are set to fixed value, a wide range of voltage gain will be achieved by 
adjusting 6R , and then signal of AC voltage changes into single-polarity signal by rectification circuit.
Afterwards, signal passes through the voltage stabilizing circuit lm7805. Finally, the back-feed state 
could be indicated by a light-emitting diode (LED). 
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3. Simulation and Experiment 
The circuit shown in figure 4 is simulated with MULTISIM software. When 0.1V/50Hz AC voltage 
( ) is exerted on both ends of the detected capacitance C, the FET drain will output 
0.39V/50Hz AC voltage（ ）. If 
0.1sin(100 )au π=
0.39sin(100 )bu π= − t 6R  turns into 10 , then  Ωk
1.2sin(100 )cu π= t .                                                                                                                        (5) 
The results are in good agreement with theoretic results. 
In the practical test, the 220V/50Hz AC voltage was applied to the wire but for open circuit state, and 
then the measuring probe of this experimental template was closed to wire. When the distance between 
measuring probe and wire was less than 5cm, the LED was bright, and when the distance was greater than 
5cm, the LED was out. 
The experiment was finished in an optimal situation that there is no electric-field interference or 
parasitic capacitance between wires at room temperature. So, it was very sensitive. But electric-field 
interference and the zero drift of FET would have negative influence when conditions changes. Therefore, 
the circuit and wires need to be shield with outside.  
4. Conclusions 
Both practice and simulation results show that this method is sensitive, precise and could achieve the 
ideal effect at detecting circuit voltage. Whether there is current in the conductor, this method can detect 
the circuit voltage sensitively. Therefore, this method has the vital significance and very good application 
prospect. 
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